INTRODUCTION
Subacromial Impingement Syndrome (SAIS) is a common cause of shoulder pain and USA) were used to record signals from the supraspinatus (SSP), infraspinatus (ISP), 144 subscapularis (SUBS), and Rhomboid (RM) (Delagi et al., 1994) . 145 EMG signals were recoded using a TeleMyo 2400 G2 Telemetry System (Noraxon Inc., 146 Arizona, USA). The EMG signals were recorded during a fatigue protocol by means of a 147 sustained submaximal force exertion at 25% MVC of absolute strength in the testing positions 148 described above (Section 2.2). After familiarization with the test, participants were instructed 149 to exert a constant steady force at 25% MVC for 60-s or until exhaustion point guided by a real 150 time visual feedback provided on a PC screen (i.e. sustained (>5s) drop of >5% in force).
151
Recorded signals were differentially amplified (common mode rejection ratio >100 dB; input 152 impedance >100 Mohm; gain 500 dB), digitised at a sampling rate of 3000 Hz and band-pass 
Data Management and Statistical Analysis

173
Descriptive statistics for shoulder muscle strength, pain (MPQ), and psychological status 174 (HADS) were determined according to the originally established scoring formula for 175 calculating the subscale and total scores of each questionnaire/functional score. With regard to 176 EMG, Fast Fourier Transformation (FFT) and power spectrum analysis were applied to 177 determine the MDF values in 1-s epochs which were then normalised relative to the start value.
178
The mean rate of change of MDF over the duration of fatiguing tasks (Slope) was determined 179 by linear regression and expressed as the fatigue index (MDF Slope%/min). A regression t-test 180 was applied to determine whether the measured slope differed significantly from zero: a There was a general trend for less fatigue development in female patients compared to controls.
210
During forward flexion, patients showed lower fatigability trend in all muscles compared to 211 health controls particularly in relation to the AD, TM, and ISP where a significantly lower level 212 of fatigue (p<0.05) was found compared to controls. The highest amount of fatigue progression 213 in patients was observed in the deltoids, AD in particular, followed by the BB and three major 214 rotator cuff muscles; and in controls in the deltoids, rotator cuff (ISP in particular), and SA.
215
During abduction, fatigue developed in all muscles except RM and TM in patients and RM, 216 TM, ISP, and SUBS in controls. While ISP showed the highest fatigue development in patients, 217 a marked fatigue in key scapular muscles (LT and SA) and deltoids occurred in both patients 218 and controls. Despite differing in the fatigability patterns of some muscles, no significant 219 difference was found between patients and controls during abduction.
220
The external rotation task demonstrated a similar fatigability pattern between patients and 221 controls with the highest fatigue developing in the ISP. While scapular muscles demonstrated 222 a minimal effect of fatigue in controls, the same muscle group showed considerable 223 involvement of the LT and RM in patients. During the internal rotation task, the UT was the 224 only scapular muscle affected by fatigue in patients while a marked fatigue development in 225 UT, LT and RM was observed in controls. Rotator cuff muscles all showed a higher fatigue 226 trend in controls, SSP and SUBS in particular. The deltoid fatigue reflected similar patterns in 227 both patients and controls.
228
Muscle Fatigue in Male Participants
229
Similar to females, there was a general trend for less fatigue development in male patients 230 compared to controls. During the forward flexion task, the highest level of fatigue in patients 231 occurred in ISP followed by the deltoids and two scapular muscles: LT and SA. In controls, 232 several muscles were fatigued with the highest in SUBS followed by AD, RM, TM, SA, and 233 ISP. Abduction task generated marked fatigue in the majority of muscles in both groups except 234 LS in patients and LS and PM in controls. A higher amount of fatigue progression occurred in 235 the deltoids, rotator cuff, BB and SA of patients and deltoids, rotator cuff, and major scapular 236 muscles (LT, and SA) of controls.
237
During external rotation task, both patients and controls demonstrated the highest level of 238 fatigue in ISP followed by TM. A trend towards higher fatigue in patients was observed during 239 this task compared to other three fatiguing tasks, similar to the pattern in female patients.
240
Internal rotation task generated a modest level of fatigue in patients only in SSP while it was 241 associated with marked fatigue development in several muscles of controls including SSP, deltoids (MD and PD), and UT. A significant difference in the fatigue level was noted between 243 controls and patients for MD (p<0.01). Literature suggests that maintaining the subacromial space is essential to rotator cuff health.
246
Among studied movements, rotator cuff muscles presented with marked fatigue progression 247 more prominently during abduction at 90°, which incorporate the 'painful arc' as one of the 
312
In terms of muscle inhibition mechanism; literature suggest that in patients with chronic 313 musculoskeletal pain the ability for rapid force development and subsequent functional 314 capacity is markedly impaired during movements by pain inhibition of motor outflow and 315 inflicting a threat response (Carleton et al., 2006; Steingrimsdottir et al., 2004) . In an EMG This pathway encompasses stimulation of the mechanoreceptors within affected joint/muscle 320 tissue and thus blocking the nociceptive signal and pain gate over time through frequent 321 excitation of inhibitory interneurons (Zimny, 1988) . It has been proposed that decreased 322 excitability of the motor cortex induced by pain-induced inhibition pathway is preferentially 323 located in the muscles nearby the painful area and can last for many hours after the recovery 324 from pain (Le Pera et al., 2001) .
325
With regard to the shoulder, it has been shown that pain-dependent inhibition of the primary 326 motor cortex is associated with employing a compensatory muscle activation strategy and 327 different motor programme (from subtle changes in the contribution level of synergist muscles 328 to a complete avoidance of movement) to maintain motor output during painful movement 329 while protecting injured/painful tissues (Hodges and Tucker, 2011; Struyf et al., 2015) . , 2009; Reddy et al., 2000) . In terms of scapular muscles, several investigators have 335 reported reduced activity of trapezius, middle and lower serratus anterior during arm elevation 336 and rotational movements in patients with painful shoulder pathologies including SAIS as 337 compared to healthy controls (Ludewig and Cook, 2000; Scovazzo et al., 1991) . This marked 338 reduction in rate of EMG rise in the presence of upper limb chronic pain has been suggested as 339 a neural adaptation mechanism due to reduced motor neuron firing frequency and recruitment 340 of high-threshold motor units (Sundstrup et al., 2016; Van Cutsem et al., 1998) . Hence, these 341 two protection mechanisms (fear-avoidance and pain-related muscle inhibition) could have attributed to the generally lower or similar level of fatigue progression between patients and 343 controls as a result of alterations in muscle activation and contribution (decreased firing or de-344 recruitment of some motor units) in the muscles affected by pain experience/perception.
345
Study Limitations
346
While shoulder muscle fatigue has been increasingly studied using EMG in healthy subjects ). These mechanisms can subsequently affect the recruitment strategy and contribution of 362 muscles into movements and influence fatigue initiation and development (Leeuw et al., 2007; 363 Sundstrup et al., 2016; Verbunt et al., 2005) . In order to moderate this limitation a pain-free Despite notable development of fatigue in the majority of studied muscles in SAIS patients, it 392 was not significantly different from that in healthy controls. This finding can be hypothetically 393 explained through two major phenomena, 'fear-avoidance and pain-related muscle inhibition', 394 and subsequent adaptations in motor programme and recruitment strategy. This is further 395 supported by significantly higher pain experience and anxiety/depression levels observed in 
